The paper describes a complex method of quick and accurate rheological properties testing of a mortar modified by superplasticizing additives and fine-grained admixtures (e.g. fly ash, filler), in connection with monitoring the hydration heat liberation process in the time interval of 0 -24 hours. The aim is a quick testing of cement mortar composition properties, as the initial point for successful manufacture of SCC or concrete for massive construction structures
Introduction
The concrete can be considered as a multi-component building material, composed of fine grained matrix (water suspension of cement, fine aggregates, additives and admixtures) and coarse aggregates. By description of rheological behaviour of the fine grained concrete matrix in connection with the properties of coarse aggregates it is possible to characterize with a relative accuracy the rheological properties of fresh concrete.
In the proposal of the concrete formula it is often necessary to perform test, which prove the suitability of the used binder in connection with the quantity of batch water and applied additives and admixtures.
In cement immediately after the water addition a series of complex reactions takes place, which manifest themselves externally on the one hand by viscosity change of the given mixture and on the other hand by the hydration heat. The liberated heat during the cement hydration is in the given moment formed by the sum of heats of different physical and chemical parallel ongoing reactions. These reactions cannot be simply differentiated only the total sum of heats can be measured. These heats are:
1.
Wetting heat of cement. 2.
Solution heat of clinker minerals. 3.
Exothermic heat of hydro silicates and aluminates. 4.
Crystallization and recrystallization heat. 5.
Adsorption heat of water on hydration products.
The intensity of hydration heat liberation can be practically effectively followed by means of direct calorimetric methods.
Test methods in design of concrete mixtures

Determination of water separation tendency
For the determination of water separation tendency a very simple method with the measuring cylinder can be used. The principle of this method is the level sinking measurement of the cement paste (with the cement-water ratio of 0,85) in a measuring cylinder for a certain period of time(120 minutes). The high water/cement ratio makes it possible to win clear differences during the observation of cement sedimentation. It is possible to state, that cement which has a negligible tendency for water separation, separates in the period of 120 minutes less than 20 ml of water. If this limit is overstepped, it is necessary to calculate in practice with possible bleeding. On the contrary, if the cement paste separates only very small quantities of water (about 2 ml) or doesn't sediment at all, we consider this state as the false setting of cement. The reproducibility of this method can be classified as a good one. The advantage of this method is the simplicity and minimal demands of laboratory equipment. The method can be used both in laboratory and directly at the building site as well.
Determination of fluidity by means of a flow viscometer
The mobility of fine-grained concrete matrix depends significantly on water demand of individual fine fractions. This water demand is influenced by many factors such as the grain size, grain size distribution, form and unevenness of grains, the acting surface force, quantity and the kind of applied chemical additives and the pozzolanic properties of the matrix solid phase. For the determination of water demand of proposed fine-grained portions of the matrix it is possible to use the newly developed equipment which is illustrated in Figure no. 1. The principle of the method is the measurement of time, which needs a definite quantity of cement to flow out from a vessel through the outlet hole with a given diameter. By means of this method it is possible to determine: 1. The water demand for individual fine portions, necessary to achieve the required outflow time.
2.
The change of fluidity depending on time of strongly liquefied cement pastes with a possible addition of admixture. 3.
Effectiveness of plasticizing admixtures and the determination of the admixture influence to the rheological behaviour of the cement paste. 
Viscosity measurement with a rotary rheometer
The rotary rheometers are used for the viscosity measurement of liquefied cement suspensions, of liquefied raw material mixtures for the cement manufacture with the wet process, of liquefied ceramic materials for casting etc. The rotary viscometer RHEOTEST is an apparatus with two systems. The rheological properties can be tested by Searle's measuring equipment with a cylinder or by the equipment with a cone and a desk. In the Searle -Coute system the measured material is in a circular slot of a coaxial cylindrical system. The external cylinder is fix and it is in a vessel with an attached liquid thermostat keeping constant temperature. The internal revolving cylinder is connected with a measuring shaft with a cylindrical helical spring. The displacement of this spring is the measure of the torque moment M, which acts on the inside cylinder. The torque moment of the spring is indicated by a potentiometer.
By measuring we obtain a series of points ( r , D r ) from which we can calculate the dynamical viscosity [ Pa.s ] by means of the equation:
The results of the measurements can be graphically evaluated as the viscosity dependence on time.
The following graph shows the results of viscosity change measurement of a modified cement paste with an admixture in dependence on time. The dose of admixtures in mixtures was constant and the dose of superplasticizing additive was 1,2 %, 1,6% and 1,8% in relation to cement mass. 
Calorimetric measurements for studying the kinetics of hydration reactions
As already mentioned above the course of hydration reactions and processes from the quantitative point of view can be observed by monitoring the hydration heat liberation with the application of direct calorimetric methods. If we try to create real conditions under which the binder hydrates at the building site, it is advantageous to apply for the intensity measurement of hydration heat liberation the isoperibolic method.
In the given case the hydration of the test sample takes place under exactly defined conditions in an isoperibolic calorimeter with a known exact thermal characteristic:
The test samples are after mixing placed in calorimeters and the internal temperature of samples is recorded. From these values the intensity of the hydration heat can be defined following the relation: 
2.
From the graph follows, that immediately after mixing of cement and water significant heat energy liberation takes place (point no.1). In this period (about up to 2 hours) we find close connection between the intensity of heat liberation and the cement paste rheology. The next extreme in the hydration heat liberation can be recorded in the period of about 8 -24 hours. The exact time and value of heat liberation intensity depends on following factors:
The type of cement and the grain fineness. The cement / water ratio. The kind and the quantity of chemical additives. The kind and the quantity of reactive admixtures (gypsum) The kind and the quantity of admixtures with latent hydraulic properties.
Utilization of results for the design of self compacting concrete
For the manufacture of self-compacting concrete it is necessary to use an effective superplasticizing admixture. The effect of this additive should be verified in advance in the system cement-additive-superplasticizer -water and especially important is the change of the plasticizing effect in time and the degree in which the applied additive has influence on the kinetic of hydration. It is possible to use with advantage the measurement with an outflow viscometer see graph no.3. The first number in the legend means the dose of the superplasticizer in % related to cement mass and the second number the quantity of the admixture -filler in % again in relation to cement mass. The cement/water ratio of these mixtures was 0,395. In this case it is possible to regulate the composition of the cement paste in a way to achieve the demanded rheological properties only in a certain time after mixing. Analogous results can be achieved by measurement with a rotary viscometer. In the graph no.4 the measurement results concerning the viscosity change of more cement pastes are presented in dependence on time. The composition of tested cements pastes, i.e. of the system-cement-wateradditive (superplasticizer)-admixture was as follows: CEM I 42,5 (Mokrá), fly ash Detmarovice = const.= 15% of cement mass, superplasticizer Chryso Optima 200 in amounts 1,2 %, 1,6% and 1,8% in relation to cement mass, the c/w ration was 0,395. By means of this method it is among others possible to compare with advantage the effectiveness of individual (super) plasticizing agents as you can see in graph no. 4. The further characteristic quantity, helping esp. to select a suitable cement with low tendency to separate water is the determination of separated water quantity in the period of 120 minutes by the method of a measuring cylinder. The results of performed laboratory measurements show, that they are differences in the amount of separated water in the time period of 120 minutes even in different cement charges of the same strength class and from the same manufacturer. The Fig.7 shows the course of water separation of a paste made with cement CEM I 42,5 R used in the preparation of mixtures evaluated in graphs 4, 5, 6. The mixing time of cement suspension prepared according the above mentioned method was 2 minutes. With a very good informative value describes the behaviour of cement-water-additive-admixture system the calorimetric measurement. A number of calorimetric measurements was realized. During these measurements the effect of different portions of additives, admixtures and of different c/w ratio on the course of hydration curves of relevant cement-composite types was tested.
Graph 6: Intensity of hydration heat liberation of the cement paste CEM I 42,5 R with different addition of plasticizer based on polycarboxylates SIKA VC 5-800 (w=0,38). 
Utilization of results for structural concrete design of massive structures
The hydration heat liberation during the process of concrete structure hardening leads to temperature increase inside of massive concrete and to formation of undesirable temperature gradients in the structure profile. With massive structures in the initial hardening phase often the structure is damaged as the result of tensile stress (heat gradients), which exceeds the concrete tensile strength at the moment. As described above, the course of hydration heat liberation intensity is among others strongly influenced by the applied chemical additives and admixtures.
The influence of the addition of these components can be easily verified by means of the already mentioned isoperibolic calorimeter.
The laboratory measurements at the Brno University of Technology showed that practically all chemically additives have a certain effect on the kinetics of hydration. Some additives decrease the intensity of hydration, other delay the beginning of hydration (or they postpone the time of reaching the maximum temperature of hydration heat liberation intensity -point 2, graph no.2) and some influence the hydration kinetics by both mentioned effects. From results follows the chemical additives in connection with admixtures react somewhat differently because a part of the additive is absorbed on the surface of the admixture. In this point it is possible to observe in comparison of graphs no. 8 and no. 9, that the filler can absorb a greater portion of additive in comparison with the fly ash (a significant decrease of the additives retardation effect takes place). The fly ash grains have namely with the same mean diameter a smaller surface. The fly ash itself has a mild influence on the hydration kinetics, because it reacts with a certain quantity of Ca +2 ions, formed during the hydration.
The admixtures decrease the total specific hydration heat of mortar, in substituting in the mixture a part of the binder volume, but the thermal capacity component of the mixture is practically unchanged. In this way the mixture temperature during the hydration and the velocity of hydration reaction decrease.
Conclusion
The possible methods for testing of cement mortar rheological properties and of hydration reactions kinetic were described. These are the limiting factors for the successful proposal of selfcompacting concrete composition and for the composition of concrete for massive structures using the admixture of secondary raw materials. The suggested methods are relatively very simple and they have following the extended series of laboratory measurements a high informative power and very good reproducibility of measurement. The performed laboratory test results showed that it is advantageous to examine the interaction of individual concrete components first in a cement paste modified with admixtures and additives and only afterwards can be the test results applied in the fundamentally more complex system -in concrete. In this way the verification of individual concrete component compatibility will be accelerated and goes down in price. In addition it
